Introduction
The management schemes for horses can directly influence their ability to digest and absorb nutrients from their feeds. Amounts fed and times that the meals are offered can alter digestion and utilization of a variety of nutrients as can the types and forms of feeds offered. Exercise will also directly impact feed digestion/utilization. This presentation will review what is known to date and offer some practical recommendations for maximization of digestive efficiency.
Feed types and processing
The types and physical form of feeds differ with respect to their digestibility. Starches and sugars in processed (flaked, rolled, steamed or popped) grains are more rapidly and efficiently digested than in whole, unprocessed grains (Hoekstra et al, 1999; Julliand et al., 2006 , NRC, 2007 , Keinzle et al 1997 though the overall benefits may be negligible to the actual biology of the horse, conferring only a 10% increase or less in most cases. Oat starch is more digestible than corn starch (Kienzle et al, 1997 , NRC, 2007 which may account for the general perception that oats are safer than corn to feed in large amounts. If fed in large amounts to horses unaccustomed to the feed, cornstarch will be more likely to bypass digestion and absorption than oat starch, and be delivered in large amounts to the cecum and large colon where the resultant disruption of normal fermentation can result in altered digestion and even colic and laminitis (DeFombelle et al, 2004 , Julliand et al, 2001 Medina at al, 2002; Meyer et al, 1993; Moore and Dehority, 1993) . Large meals also result in more rapid emptying rates than small meals and high starch feeds are more rapidly delivered to the small intestine than are low starch feeds (Metayer et al, 2006) . To maximize digestion and absorption in the small intestine it is best to feed relatively small amounts per meal and avoid feeds with high concentrations of sugars and starches.
Grass hays tend to accumulate sugar/fructan over the course of the day light hours and can be quite high in the highly fermentable non-structural carbohydrates (Longland et al, 2006) , especially during environmental stresses such as drought or over night frosts. Horses that are insulin resistant and prone to laminitis appear to be more sensitive to the higher fructan forages, whether the insulin resistance is caused by pituitary dysfunction, obesity or genetic predisposition (Harris et al, 2006; Kronfeld et al, 2005; Treiber et al, 2006) . It is recommended that horses prone to laminitis be offered access to pasture only in the morning hours and that they be kept off pasture completely after overnight freezing temperatures and during droughts.
Horses adapted to high grain rations are more efficient at digesting and absorbing the starches (Hintz and Argenzio, 1971) . However they will be relatively insulin resistant (higher insulin secretion per unit of glucose) relative to those fed restricted starch/sugar (<30%) and higher high fat (6-12%) and fiber (>12%) rations (Kronfeld et al, 2005; Pagan et al, 2002) . However there is no evidence that feeding high amounts of fat alone will improve insulin sensitivity or that, unlike other species, high fat rations reduce gastric emptying rate (Lorenzo-Figueras et al, 2005) . Supplementation of moderate amounts of fat (7 % in total ration) may enhance digestion in the large intestine (Bush et al, 2001 ) but large amounts of fat added to the large intestine actually suppresses fermentation and should be avoided (Jansen et al, 2002 , NRC, 2007 . It takes up to 2 months for horses to adapt metabolically to rations containing >7% fat (NRC, 2007) .
Feeding times and amounts
Equine animals were adapted over evolutionary time to consume primarily forages, though in summer months the grasses also have "seed heads" that are high starch grains. If adapted to free access to forages or concentrates horses and ponies usually consume relatively small meals (<0.5% BW) at no more than 3 hour intervals throughout a 24 hour period, rarely voluntarily going for more than 3 to 4 hours with out eating. (Ralston and Baile, 1983; Ralston, 1984 , NRC, 2007 . When first introduced to a ration, especially if it consists of highly palatable feeds, ponies especially will tend to eat in excess of their needs if offered free access, increasing the risk of colic (Cohen, 1997 , Treiber et al, 2006 , NRC, 2007 and laminitis (Treiber et al, 2006 , Harris et al, 2006 NRC, 2007) and resulting in excessive weight gain if the access is prolonged over a period of weeks to months (NRC, 2007) . However body weights and intakes will eventually stabilize (Ralston and Baile, 1983; Ralston, 1984; NRC, 2007) , though usually at a higher amount of body fat than is desirable for athletic performance. If free access to feeds is not a viable option for an athletic horse, offering a ration that consists predominantly of forage in relatively small amounts at frequent intervals best mimics the natural pattern of foraging.
Meals of concentrates that contain starch in excess of 0.2-0.4% BW reduce the overall digestibility of the feed ( deFombelle et al., 2004 , NRC, 2007 due to the fact that the starch bypasses the more efficient small intestinal enzymatic digestion (Kienzle et al, 1994; deFombelle et al, 2003 deFombelle et al, , 2004 , and is passed on to the cecum and large colon where fermentative digestion is less efficient (Ibid).
Large excess of highly fermentable materials in the cecum/large colons will alter efficiency of digestion of other nutrients, and adversely affect volatile fatty acid formation and availability (deFombelle et al, 2003; 2004 , Goodson et al, 1988 , NRC, 2007 .
Horses have significantly higher insulin responses to glucose or starch challenges in the morning hours than in the afternoon/early evening if not stressed (Ralston, 2002 (Ralston, , 2004 Gordon and McKeever, 2005) . It is thought that the apparent shifts in insulin sensitivity may be related to the normal diurnal variation in plasma cortisol since increased plasma cortisol due to stress or pituitary dysfunction is well documented to induce relative insulin resistance (Ralston, 2004) . High starch feeds offered in the afternoon/early evening therefore will theoretically be converted more efficiently into energy/fat storage than those offered in the early morning hours. Since forages accumulate sugars/starches during the day via photosynthesis that are converted over night to cellulose or other structural fibers, it appears the horse's endogenous rhythm of insulin mimics the cycle of sugar/starch accumulation in forages (Longland and Byrd, 2006) . Disruption of that cycle by feeding large amounts of high starch feeds has been repeatedly associated with decreased insulin sensitivity in a variety of horses and ponies (Harris et al, 2006 , Ralston, 2004 Treiber et al, 2006) and an increased risk of colic (Cohen, 1997) .
Gastric ulceration is very common in performance horses of all types (Begg and O'Sullivan, 2003; Jonsson et al, 2006 , McClure et al, 2005Roy et al, 2005 . Prolonged fasting (>12 hours, NRC, 2007), confinement to stalls as opposed to being out in pasture, (Murray et al, 1996; NRC, 2007 ) , strenuous exercise Merrit, 2002, Murray et al, 1996) and high grain rations (Murray et al, 1996) have all been incriminated as contributing factors. Feeding alfalfa hay as opposed to grass hays has been reported to apparently reduce the incidence, possibly due to the buffering effects of the higher protein and calcium (Nadeau et al, 2000 (Nadeau et al, , 2003a . The addition of edible oils per se does not reduce the incidence of gastric ulceration (Frank et al, 2005) . However if the amount of high starch concentrates needed to maintain condition can be reduced by feeding the more calorically dense high fat (7-12%) feeds it may help reduce the incidence and severity of ulceration. Ideally the best management to reduce gastric ulceration is to provide performance horses with free access to pasture and/or legume hay, avoid prolonged fasts and not restrict hay prior to asking for extreme physical effort.
Exercise
Mild to moderate exercise increases passage rates in horses (Lindberg et al, 2006 , Pagan et al, 1998 , resulting in slightly reduced rates of digestibility, especially of forages. However aerobic training increases insulin sensitivity and enhances digestion of starches and fat in the small intestine (Ralston, 2004 , NRC, 2007 . Intense exercise will reduce feed intake for up to 24 hours after the episode, even though this is the period when digestive and metabolic efficiency in restoring glycogen/fat stores is maximal (Gordon et al, 2006; NRC, 2007) . It is best to feed relatively small amounts of calorically dense feeds at frequent intervals after intense effort to restore body fat/glycogen most efficiently. Res. 66, 2006 Res. 66, -2011 Res. 66, , 2003 . Goodson, J., Tyznik, W.J., Cline, J.H. and Dehority, B.A. Effects of an abrupt diet change from hay to concentrate on microbial numbers and physical environment in the cecum of the pony. Appl. Environ. Microbiol, 54, 1946 -1950 , 1988 
